We have implemented LIFEdb
INTRODUCTION
Although the whole sequence of the human genome has been determined and~30 000 genes have been predicted (1, 2) , the function of many of these genes and their encoded proteins remains unknown. To address this topic ef®ciently, various high-throughput methods are being developed. As a ®rst step, full-length cDNA sequencing projects have been established in order to identify cDNA clones that contain a complete open reading frame (ORF) (3, 4) . These clones serve as starting material to set up functional experiments dependent on fulllength proteins. While use of cDNAs on a small scale has been carried out for a long time, there are currently only a few functional genomics and proteomics experiments that systematically exploit cDNA resources on a larger scale (5, 6) .
Determining the subcellular localization of novel proteins has proved to be a valuable tool for gaining insight into the possible function of a protein, since a protein's localization determines its microenvironment and potential interaction partners (5, 7, 8) . Data on the subcellular localization patterns of yeast proteins (9, 10) and of murine nuclear proteins (11) are available in online databases.
Here, we describe the Database for Localization, Interaction, Functional assays and Expression of Proteins (LIFEdb), which integrates data regarding novel full-length cDNAs generated by the German cDNA Consortium and data produced during the cloning process of selected ORFs, as well as data on the expression of the encoded proteins and their subcellular localization in a mammalian cell line. The database also serves as a sample-tracking system to easily monitor the whole plasmid construction process. Furthermore, a web interface is provided which enables the scienti®c community to explore signi®cant features of annotated cDNAs and ORFs and to combine them with experimental results. The combination of these various data will help the discovery of new functions of the encoded proteins.
BACKGROUND
To carry out expression studies of novel full-length proteins, selected ORFs are systematically ampli®ed by PCR and cloned by recombination into an entry vector from which they can be shuttled into Gateway (Invitrogen)-compatible expression vectors for eukaryotic and prokaryotic protein expression. To systematically determine the subcellular localization of the novel proteins, the ORFs are subcloned into EYFP and ECFP expression vectors for the generation of C-terminal yellow uorescent and N-terminal cyan¯uorescent fusion proteins, respectively (5) . Performing this task on a larger scale requires, in addition to the cloning system being amenable to high throughput, software that (i) helps to keep track of the wet-lab processes in the cloning and expression processes, (ii) stores the annotation and experimental results and (iii) makes the data available to researchers for integrated analysis.
DATABASE DESIGN
LIFEdb ( Fig. 1 ) contains an MS Access database for storage of both selected annotation data of the cDNA clones used and data produced in the subsequent cloning processes. The latter data are entered via an internal interface consisting of MS Access-derived forms. Furthermore, LIFEdb contains a central database and an analysis database, both of which are based on MS SQL Server 2000. The central database is a regularly updated mirror of the MS Access database, and in addition it stores further annotation data and the results of the subcellular localization experiments. The analysis database is used for storage of data produced from bioinformatic analysis of the proteins encoded by the cDNAs under investigation.
Via a web interface based on MS Internet Information Server (IIS), selected cDNA and protein data (consisting of the annotation, experimental and analysis data) can be retrieved by the scienti®c community (Fig. 2) . Furthermore, the web interface contains a password-protected area that allows data exchange with collaborators outside the DKFZ.
In the initial step, data from annotated cDNA sequences and corresponding ORF information are stored in LIFEdb. cDNA analysis is performed to some extent automatically using tools available from the internet and from the HUSAR system (http://genome.dkfz-heidelberg.de/) (12, 13) . Subsequently, annotation is carried out manually (I. Schupp and V. Kuryshev, personal communication).
Data regarding the cloning procedure, which comprises primer and PCR data, as well as data concerning the construction process of entry and destination vectors are entered into the Access database via the internal interface. Various Visual Basic for Application (VBA) programs are running in the background of the internal interface. They enable the user to keep track of the whole cloning process easily and, together with the database system itself, they ensure the consistency of the data.
Determination of the subcellular localization of the proteins is performed outside the DKFZ (R. Pepperkok's group at the EMBL). Therefore, it was necessary to implement a web interface for the uploading of raw data and information, which allows for a decentralized production of data, while still keeping the data centralized. The web interface enables the remote researcher to retrieve selected experimental data produced in our group (including data concerning the ECFP and EYFP destination clones) from the central database in LIFEdb and to enter their results from subcellular localization experiments, together with comments and experimental conditions. Furthermore, primary data such as microscopic images showing the subcellular localization of the investigated proteins can be uploaded.
Currently, LIFEdb contains the data of more than 1100 fulllength ORFs and the results of subcellular localization experiments of more than 500 different proteins.
AUTOMATED PROTEIN ANALYSIS
For each cDNA in the database, a comprehensive bioinformatic analysis of the deduced protein sequences is performed automatically (C. del Val, manuscript in preparation) utilizing programs and tasks of the HUSAR (Heidelberg UNIX Sequence Analysis Resources) system (http://genome.dkfz-heidelberg.de/) (12, 13) . The analysis includes the determination of basic physicochemical parameters (e.g. molecular weight, isoelectric point) of the encoded protein, the prediction of its subcellular localization [PSort (14) ], a search for motifs [e.g. signal sequences, prosite patterns/ pro®les (15) ] and a search against the Swissprot and Trembl protein databases (16) using the BlastP2 program (17) . The data from these bioinformatic analyses are presented via the web interface (Fig. 2D) and are updated regularly (e.g. BlastP2 alignments are calculated on a weekly basis).
SEARCHING THE DATABASE
The web interface allows for database searches to obtain information about the cDNAs, encoded proteins and associated experimental results. The home page contains an input ®eld, which carries out a text-based analysis and recognizes accession numbers, clone IDs and various keywords, which are then searched for. The results are presented as a table showing selected features of the cDNA(s) and the Figure 1 . Overview of the data¯ow in LIFEdb. Annotated data from novel full-length cDNAs are entered into both a MS Access database and into the central database, which is based on MS SQL Server 2000. The Access database serves as a laboratory information management system, which is accessible via an internal interface based on Access-derived forms. The data within this database is regularly copied into the central database. LIFEdb also provides a web interface, which is accessible to both the scienti®c community and via a password-protected area to remote users who retrieve data regarding expression clones, and who in turn can upload experimental results, including pictures of the subcellular localizations. For each cDNA in the central database, a comprehensive bioinformatic analysis of the deduced protein sequences is performed using programs and tasks of the HUSAR system. The results are then stored in the analysis database. The web interface allows for retrieval of these data and presents them, together with annotation data and data from the subcellular localization experiments, to the scienti®c community. Fig. 2A) . Table entries are linked to pages with additional data, such as general information on a selected cDNA clone (Fig. 2B) , representative pictures of the subcellular localization of the encoded protein (Fig. 2C ) and a summary of the bioinformatic analysis of the protein (Fig. 2D) . Furthermore, links to external databases such as Ensembl (18) , GoldenPath (19) , GeneCards (20) (Fig. 2A) and to the sequence entry of the EMBL database (21) are provided (Fig. 2B ). An additional query page allows for more criteria to be set (e.g. chromosomal locus, subcellular compartment). Taken altogether, LIFEdb combines experimental data and data of external data sources by presenting them in a web interface and hence supports the discovery of new functions of as yet uncharacterized or only partially characterized proteins under investigation.
PROSPECT
Future developments will involve the implementation of the results of functional experiments currently under development into LIFEdb and their retrieval via the web interface. Furthermore, the automatic protein analysis will be extended to incorporate a more comprehensive motif and domain search as well as a prediction of the secondary structure of the proteins investigated.
